Introduction
Nutcracker syndrome is a disease in which left renal vein (LRV) is com pressed between the aorta and the superior mesenteric artery (SMA) to cause hematuria 1) . This is caused by a decrease in the aortomesenteric angle, which is the angle between LRV and SMA, due to weight loss, external or intraperi toneal compression, and increased mesenteric tension 2) . If the third part of the duodenum is squeezed due to a reduced aortomesenteric angle, SMA syndrome that causes intestinal obstruction occurs 3) . These two diseases have the same pathogenesis of a decrease in aortomesenteric angle, but the simul taneous occurrence of both diseases is quite rare 4) . This is a report on a case of nutcracker syndrome combined with SMA syndrome in a 14yearold female child who presented with gross hematuria and recurrent abdominal pain and vomiting.
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Case report
A 14yearold female patient visited the outpatient clinic with gross hematuria, recurrent abdominal pain and vomi ting. The patient had a past history of recurrent abdominal pain and vomiting for 4 to 5 years, but there was a history of failure to diagnose the cause despite being admitted to other hospitals a total of 5 times. Three years ago, she had undergone a laparoscopic ovarian cystectomy for a hydro salpinx. However, she still complained of recurrent inter mittent abdominal pain, nausea and vomiting about once a week. In addition, gross hematuria brown in color oc curred about once every 3-4 days one month prior to the clinic visit, and urinalysis showed occult blood 2+ on school health examination. There was no significant family history or social history.
The patient was very underweight with a height 157 cm (25-50 percentile), body weight 37 kg (<3 percentile), and a body mass index (BMI) of 15.01 kg/m 2 (<3 percentile). The signs of vitality were 111/74 mmHg in blood pressure, pulse rate of 88 beats/min, respiratory rate of 22 breaths/min and body temperature of 36.8℃. The mental state of the child was clear, and physical examination showed mild upper abdominal tenderness. Gross urine color was brown and there were no blood clots in the urine. On urine tests, urinary occult blood 3+ was observed. Microscopic findings showed more than 100 red blood cells/HPF, no erythrocyte cast, and dysmorphic RBC less than 30% and myoglobin (), respectively. The urine protein/creatinine ratio was increased to 0.48 at the first spot urine test in the morning, but it was normalized to 0.16 on the 2nd day of hospitalization, and the urine calcium/creatinine ratio was normal at 0.10. Urine myco bacterial cultures were negative.
Laboratory test results were all in the normal range. Com plete blood count was leukocyte of 6,500/μL, hemo globin of 11.8 g/dL, platelet count of 280,000/μL. A blood chemistry test revealed serum Creactive protein of 0.01 mg/dL, total protein 5.7 g/dL, albumin 3.6 g/dL, aspartate aminotransferase 17 IU/L, alanine aminotransferase 8 IU/ L, total bilirubin 0.4 mg/dL, blood urea nitrogen 9 mg/dL, creatinine 0.6 mg/dL, sodium 140 mEq/L, potassium 4.5 mEq/L, and chlorine 108 mEq/L, and in the general blood test, prothrombin time 13.1 sec and activated partial throm boplastin time 32.9 sec. According to the Schwartz estimate, the glomerular filtration rate was normal at 143.9 ml/min/ On the plain abdominal Xray, an extended stomach was observed while standing, and the airfluid level was seen across the second portion of the duodenum. Doppler ultra sonography (USG) revealed that LRV that runs between the aorta and the SMA is very narrow (aortomesenteric distance: 5 mm), and the anteriorposterior (AP) diameter ratio in the aortomesenteric area (the hilar to the aortome senteric portion=0.69 cm/0.13 cm) was 5.3, and the ratio of LRV peak velocity (aortomesenteric portion to the hilar= 95 cm/sec / 18 cm/sec) was 5.27 and the artomesenteric angle was 18° (Fig. 1 ). These findings were consistent with nutcracker syndrome. No specific findings in the size, shape, and echogenicity of bilateral kidneys were found. Abdomen & pelvis computed tomography (CT) (enhance ment) showed a compressed LRV between aorta and SMA, the aortoSMA distance was 4.6 mm, and the aortome senteric angle was 18°. This is a finding probable of nut cracker syndrome. At the level of the duodenum, the duo denal third portion was compressed and the stomach was bulging along with the first and second portions of the duodenum. The aortoSMA distance was 5.4 mm and the aortomesenteric angle was 18°. This is an indicative finding for SMA syndrome (Fig. 2 ). Upper gastrointestinal (UGI) series showed mild distention of the proximal duodenum (1st and 2nd part) and hesitancy of the contrast flow from the 3rd to 4th part of the duodenum in a supine position. This suggests SMA syndrome (Fig 3) . We diagnosed this patient as having simultaneous nutcracker syndrome and SMA syndrome.
Doppler USG and contrastenhanced CT showed cha racteristic features of SMA syndrome and nutcracker synd rome. This may be due to the child's unfavorable eating habits and a very skinny body with low body weight (BMI <3 percentile), or to the structural change that affects the angle between the aorta and the superior mesenteric artery after laparoscopic ovarian cystectomy performed three years prior 3) . The patient's vital signs were stable, and there was no serious complication of SMA syndrome such as ga strointestinal perforation, or hematologic findings of nut cracker syndrome accompanying anemia which requires surgical intervention 1) . Conservative nonsurgical treatment methods were recommended after consulting with the department of pediatric surgery. In addition, the patient's position was maintained in the left lateral deviation posi tion, prone position, or kneechest posture, resulting in improvement of the intestinal obstruction due to SMA syndrome 3) . On the 2nd day of admission, gross hematuria improved. No microscopic hematuria was seen on the 11th day after admission. Nausea, vomiting, and abdominal pain improved on the fourth day of admission. No vomiting was observed on the sixth day of admission, and symptoms such as abdominal pain were mild. On the 8th day of ad mission, the child was discharged from the hospital and her weight had increased by 1kg compared with that at admis sion. The patient was followed up with at the outpatient clinic with no visible gross hematuria, abdominal pain, or nausea and vomiting.
Discussion
This is a case report of recurrent abdominal pain and vomiting for which a cause had not been found for several years. We diagnosed the child with nutcracker syndrome and SMA syndrome through differential diagnosis of gross hematuria. It is significant that the symptoms were im proved by conservative treatment of these rarely combined two diseases.
Nutcracker syndrome is defined as a case in which the LRV is compressed by the aorta and the SMA and accom panied by gross or microscopic hematuria, orthostatic pro teinuria, abdominal pain, flank pain, pelvic congestion in females, and varicoceles in males. Until now, the pathophy siology of nutcracker syndrome has not been completely determined. However, up to now, it has been reported that the LRV is pulled just below the aorta due to fat reduction around the kidney, posterior displacement of the kidney, and abnormal branch arteries from the superior mesenteric artery 5) . In this case, it is thought that the posterior dislo cation of the left kidney was caused by a decrease in the fat around the kidney due to the low body weight and defor mation of the structure affecting the aortomesenteric angle after surgery. Left renal angiography is the most accurate diagnostic method, but this invasive test can cause com plications such as dyspnea and hypotension. We used CT and Doppler USG, which are the most commonly used noninvasive methods. According to Kim et al. 5) , the CT diagnostic criteria for nutcracker syndrome are narrowing (beak sign) of the LRV in the aortomesenteric part, and the ratio of the LRV diameter (hilar to aortomesenteric) is more than 4.9 and the aortomesenteric angle is less than 41° with collateral venous circulation. The USG diagnostic criteria for nutcracker syndrome 5) is that the AP diameter ratio (the hilar to the aortomesenteric portion) in the aor tomesenteric area is 5.0 or more, or the ratio of LRV peak velocity (aortomesenteric portion to the hilar) is 5.0 or more. This case showed a decrease in the fat around the kidney and the compression of the renal vein on the CT and Doppler USG, which meets the above criteria and could be diagnosed as nutcracker syndrome with gross hematuria, microscopic hematuria, and abdominal pain. Treatment depends on the severity of the symptoms and hematuria and flank pain without anemia can be ob served without any special treatment. In particular, hema turia improves in 75% of patients with nutcracker synd rome within 2 years under 18 years of age 6) . Anemia due to persistent gross he maturia, severe abdominal pain, or failure to perform con servative treatment should require intervention such as nephropexy or LRV stent insertion. In this case, there was no indication of surgical procedure. Therefore, conserva tive treatment was attempted first, and both gross and mi croscopic hematuria were improved.
In this case, nutcraker syndrome and SMA syndrome were diagnosed simultaneously. SMA syndrome is a dis ease in which the lumen is compressed by the aortome senteric angle narrowed to the third part of the duodenum and the male to female ratio is 1:1.58-3, which is relatively co mmon in women in their 30-40s 7) . The causes of this disease are largely classified into three categories: 1) weight loss, 2) external or intraperitoneal pressure, and 3) increased mesenteric tension 3) . SMA syndrome commonly occurs in people who are underweight, but other factors are involved in clinical symptoms 8) . It has been reported that rapid weight loss and other changes in metabolic status result in a de crease in the adipose tissue of the mesentery and posterior abdominal cavity, resulting in a decrease in the aortome senteric angle and causing SMA syndrome 9) . SMA synd rome can be induced by abdominal casting, external ab dominal compression, or intraperitoneal compression by a tumor or abdominal aortic aneurysm 10, 11) . Increased me senteric tension due to structural deformations affecting the aortomesenteric angle caused by surgery is also a risk factor 3) . Clinical symptoms include epigastric pain, con tinuous nausea, and vomiting. Left lateral deviation, prone, or kneechest postures may widen the aortomesenteric angle and decrease mesenteric tension, which may improve symptoms. The aortomesenteric distance and the aortome senteric angle are measured using CT, and the normal range is 10 to 28 mm and 25 to 60°, respectively. In this case, the aortoSMA distance was 5.4 mm and the aortomesen teric angle was 18°, which was acceptable for the diagnosis of SMA syndrome. Most cases are often improved with conservative treatment. Surgical treatment is limited to failure of conservative treatment. Conservative treatments include decompression through nasogastric drainage and electrolyte correction, intravenous hypertrophic fluid therapy, and nutrition through a nasojejunal tube. It can cause an increase in fat and body weight around the kidneys. In this case, weight gain was 1 kg before discharge due to treatment of active fluid supply, dietary habit correction, nutritional support, and restricting activities. Both symp toms of nutcracker syndrome and SMA syndrome were improved. In addition, we searched the previous case re ports on SMA syndrome combined with nutcracker synd rome. The summary of case reports is described in Table 1 . SMA syndrome and nutcracker syndrome have common features that result from narrowed aortomesenteric angle. However, it is very rare for both syndromes to occur simul taneously, so the two syndromes are regarded as separate diseases. To our knowledge, nutcracker syndrome simul taneous with SMA syndrome has not been previously re ported in pediatric patient, especially with an exhibition of gross hematuria. This case suggests that the simultaneous presence of SMA syndrome with the same pathogenesis needs to be considered when nutcracker syndrome is su spected in children with hematuria.
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